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ABSTRACT 
An experimental research project was conducted to evaluate the compression 
stability of high strength steel sections. To further study the structural behaviour 
of the columns thoroughly, finite element analyses were performed using the 
commercial finite element package ABAQUS. 
This paper presents a finite element analysis of the post-buckling behaviour of 
thin-walled compression members of high strength steel. A series of numerical 
simulations has been carried out to simulate compression tests performed on 
box-shaped stub columns and box-shaped long columns fabricated from cold-
reduced (a reduction process in a cold reduction mill which reduces the 
thickness of the steel sheet to the desired dimension) high strength steel plates 
with nominal yield stress of 550 MPa (AS 1397). The paper compares the 
numerical simulations with the test results. 
The effect of the input parameters such as the degree of prescribed initial 
imperfection and the size of the element mesh on the convergence of the 
solution has been investigated and is discussed. The paper shows the comparison 
of loads obtained numerically and experimentally. The accurate results of the 
numerical simulation shows that the finite element analysis can be used to 
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predict the ultimate loads of thin-walled members including the post-buckling 
behaviour of thin-walled sections. It is demonstrated that the finite element 
analysis can therefore be used to design and optimize thin-walled section of high 
strength steel and to extrapolate beyond existing experimental data. 
1 INTRODUCTION 
"High Strength Steels" are a specific class of steels with enhanced mechanical 
properties. These steels are generally intended for applications where savings in 
weight can be effected by reason of their greater strength and characterized 
particularly by a considerably higher yield point than that of conventional 
structural steels. Cold-reduced steels with high yield stress usually have little or 
no strain hardening in the stress-strain curve. For high strength steels, the fulfy 
ratio is often close to 1.0, especially for thin cold-reduced steels with yield stress 
equal to 550 MPa. Since strain hardening is important in the stability of thin-
walled sections, the high strength steels may have their stability significantly 
affected by the lack of strain hardening. Therefore, the investigation of the 
influence of the lack of strain hardening on buckling strength of high-strength 
and low ductility steel, particularly in the inelastic range, becomes an important 
task for the widespread use of those steels. To realize this aim, two series of 
tests were carefully designed using cold-reduced high strength steels with 0.60 
mm or 0.42 mm thicknesses. One series of tests was to study the section 
capacity using stub columns (Yang and Hancock, 2002). And the second series 
of tests was to study the member capacity using long column with closed cross-
sections columns (Yang, Hancock and Rasmussen, 2002). The tests were 
performed on pin-ended and fixed-ended box shaped columns. The main 
purpose of the tests was to investigate local and overall stability. To further 
study the structural behaviour of the columns thoroughly, fmite element 
analyses were performed using ABAQUS to simulate the geometric and material 
nonlinear behaviour of the columns. Two different models were established, one 
for simulating the pin-ended box sections and one for· the fixed-ended stub 
column sections. The experimental data is very important for two reasons. 
Firstly the data can be used for calibration and implementation of the finite 
element non-linear analysis. The finite element non-linear analysis can also be 
used to extend the range of test data. Secondly, the finite element analysis can be 
used to investigate the effect of changing variables, such as stress-strain 
characteristics, residual stresses, geometric imperfections and section geometry. 
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2 FINITE ELEMENT ANALYSIS 
2.1 Element type 
ABAQUS includes general-purpose shell elements as well as elements that are 
valid for thick and thin shell problems. The general-purpose shell elements 
provide robust and accurate solutions to most applications and will be used for 
most applications. Element types S3/S3R, S4R, S4 SAX! and SAX2 are 
general-purpose shells. Thick shells are needed in cases where transverse shear 
flexibility is important and second-order interpolation is desired. The shells can 
be used when the thickness is more than about 1115 of a characteristic length on 
the surface of the shell and where transverse shear flexibility is negligible so that 
the Kirchhoff constraint is satisfied accurately. 
Element type S4R is a general-purpose, finite-membrane-strain, reduced 
integration shell element. Reduced integration usually provides more accurate 
results and significantly reduces running time, especially in three dimensions. In 
this paper, the element type S4R is used. 
2.2 Material behaviour 
Most materials of engineering interest initially respond elastically. Elastic 
behaviour means that the deformation is fully recoverable. If the load exceeds 
some limit, the deformation is no longer fully recoverable. Some part of the 
deformation will remain when the load is removed. Plasticity theories model the 
material's mechanical response as it undergoes such nomecoverable 
deformation in a ductile fashion. Most of the plasticity models in ABAQUS are 
"incremental" theories in which the mechanical strain rate is decomposed into 
an elastic part and a plastic part. ABAQUS also has a "deformation" plasticity 
model, in which the stress is defined from the total mechanical strain. 
Incremental plasticity models are usually formulated in terms of a yield surface, 
a flow rule, and evolution laws that define the hardening. 
Most materials exhibit ductile behaviour and yield at stress levels that are orders 
of magnitude less than the elastic modulus of the material, which implies that 
the relevant stress and strain measures are "true" stress (Cauchy stress) and 
logarithmic strain. Material data for all of these models should, therefore, be 
given in these measures. 
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If the nominal stress-strain data for a uniaxial test is obtained and the material is 
isotropic, a simple conversion to true stress and logarithmic plastic strain as 
shown in Fig. I is 
(I) 
(2) 
where E is the Young's modulus; 8p/ is true plastic strain; CJnom=FIAo, Enom=L1lllo 
are nominal stress and strain, F is the force in the material, Ao is the original 
area, L11 is the change of the length, lois the original length. 
When performing an elastic-plastic analysis at finite strains, ABAQUS assunies 
that the plastic strains dominate the deformation and that the elastic strain is 
small. From the load-deflection graphs of column tests, the "incremental" 
assumption can be adopted for the G550 sheet steel. The elastic response can be 
modeled accurately as being linear. The plastic strain values were used for the 
post-buckling analysis. The data used in the ABAQUS model was obtained from 
the stress-strain curves of the coupon tests in tension. The second point on the 
stress-strain curve corresponded with the onset of plasticity. A large number of 
points was used around the rounded comer on the stress-strain curve in order to 




where: eel is true elastic strain; Ef'1 is true plastic strain; e is total true strain 
Fig. I ABAQUS Stress-Strain Data Input Approach (ABAQUS 5.7) 
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2.3 Boundary conditions 
A rigid body (as defined in the ABAQUS manual) is created for column ends by 
defining rigid elements that all elements share a common rigid body reference 
node. The reference node has both translational and rotational degrees of 
freedom and acts as a master node to the nodes on the rigid elements. The rigid 
element nodes are slave nodes: loads can be applied to the nodes of rigid 
elements and the nodes can be connected to other elements (rigid or 
deformable). Deformable elements can be connected to a rigid body by using the 
same nodes to define both the deformable and rigid elements. This capability 
provides a convenient alternative to certain kinds of multi-point constraints. 
For each of the two ends of the column, two different types of boundary 
conditions were used to simulate the test situation in the stub column tests. The 
ends were divided into an immovable end and a movable end, which was the 
loaded end. 
Initially, load was exerted directly on the movable end with an even stress 
distribution. Secondly, for the purpose of comparing with the first set of 
boundary conditions and to eliminate the concern of the top edge being damaged 
for such thin sheet steel, a displaced rigid body was used. The top end of the 
column was linked to the rigid body. The results obtained from the two methods 
were not found to be significantly different, so to simulate the behaviour of the 
stub columns either method can be used. 
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Table I Plastic data using for the ABAQUS models 
For sections in 0.60 mm For sections in 0.60 mm For sections in 0.42 mm (060LB20na-40nb) (others) 
Stress I Strain Stress I Strain Stress I Strain (MPa) (MPa) (MPa) 
393.75, 0 620 0 434.923 0 
514.065 6. 25E-05 633.33 6.44E-04 475.243 2. 16E-05 
568.75 1.53E-04 640 4.94E-03 525.424 5.27E-05 
590.63 2.13E-04 643.33 9.87E-03 561.415 1.24E-04 
605.21 2.88E-04 640 1.20E-02 597.431 2.11E-04 
634.38 5.00E-04 636.67 1.70E-02 633.497 3.49E-04 
645.315 6.63E-04 640 2.20E-02 653.321 4.62E-04 
650.78 8.55E-04 643.33 2.70E-02 683.109 8.04E-04 
663.54 1.02E-03 640 3.70E-02 703.135 1.32E-03 
667.19 1.18E-03 643.33 4.70E-02 709.968 I.77E-03 
668.19 1.38E-03 711.15 2.33E-03 
665.2 1.59E-03 707.602 3.10E-03 







Multi-point constraints (MPCs) specify linear or nonlinear constraints between 
nodes. These relations between nodes can either be the default types that are 
provided or can be coded in the form of a user subroutine. MPC type PIN 
provides a pinned rigid link between two nodes to keep the distance between the 
two nodes constant. The displacements of the first node are modified to enforce 
this constraint. The rotations at the nodes, if they exist, are not involved in this 
constraint. MPC type LINK provides a pinned joint between two nodes. This 
MPC makes the displacements equal but leaves the rotations, if they exist, 
independent of each other. 
In order to join the two parts in the B & LB tests as shown in Fig. 2, lips had to 
be used. To simulate the connection between the lips, three different ways were 
tried. Firstly, the lips were treated entirely as a double thickness. The second and 
third methods were LINK and PIN in the Multi-Point-Constraints method of 
ABAQUS. The difference between the results from the different methods was 
found to be less than 2%. However for the small size columns, some 
convergence problems resulted from the Link method. 
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E~xy ~ :~~~ =1&!_ 
Bolts in some sections --
(a) Lipped-Box Section (LB) (b) Box Section (B) 
(c) Hexagonal Section (HB) 
Fig. 2. Test Section 
2.4 Geometrical imperfection 
Epoxy 
Imperfections are usually introduced by perturbations in the geometry. Chou, 
etc. (2000) presented a buckling analysis using finite element method and 
pointed out that to obtain the ultimate loads of the section which undergo 
buckling, the structure must have initial geometric imperfections to trigger 
deformation which can be done by either modelling the structure with an initial 
out-of-plane deflection or by using small transverse forces. ABAQUS offers 
three ways to define an imperfection: as a linear superposition of buckling 
eigenmodes, from the displacements of a *STATIC analysis, or by specifying 
the node number and imperfection values directly on the data lines. Only the 
translational degrees of freedom are modified. The usual approach involves two 
analysis runs with the same model definition: (a) In the first analysis run, 
perform an eigenvalue buckling analysis on the "perfect" structure to establish 
probable collapse modes and to verify that the mesh discretizes those modes 
accurately. (b) In the second analysis run, introduce an imperfection in the 
geometry by adding these buckling modes to the "perfect" geometry. The lowest 
buckling modes are assumed to provide the most critical imperfections, so 
usually these are scaled and added to the perfect geometry to create the 
perturbed mesh. (c) Finally, perfoml a geometrically nonlinear load-
displacement analysis of the structure containing the imperfection using the Riks 
method. In this way the Riks method can be used to perfoffil post-buckling 
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analyses of "stiff' structures that show linear behaviour prior to buckling, if 
perfect. By performing a load-displacement analysis, other important nonlinear 
effects, such as material inelasticity or contact, can be included. 
The response of some structures depends strongly on the imperfections in the 
original geometry, particularly if the buckling modes interact after buckling 
occurs. Hence, imperfections based on a single buckling mode may yield 
nonconservative results. By adjusting the magnitude of the scaling factors of the 
various buckling modes, the imperfection sensitivity of the structure can be 
assessed. Normally, a number of analyses should be conducted to investigate the 
sensitivity of a structure to imperfections. Mateus and Witz (2001) presented 
the investigation of the sensitivity of the buckling and post-buckling behaviour 
of imperfect steel plates using ABAQUS. 
In this paper, the degree of initial imperfection was specified as the maximum 
amplitude of the buckling mode shape and was usually prescribed as a 
percentage of the thickness of sheet steel. The expression suggested by Walker 
(1975) for the degree of imperfection is O.3(Py IPcr)II2t, where Py is the yield load 
and P cr is the critical buckling load, and t is the thickness of sheet steel. 
Comparing the values measured with results based on the expression suggested 
by Walker (1975), the difference was very small. So the results based on the 
expression suggested by Walker (1975) were used in finite element analyses. 
In this paper, two different ways were used to introduce the geometrical 
imperfection into the post-buckling analysis. The first was to use the initial out-
of-plane deflection at mid-length· of the column based on the imperfection 
measurement. The second was to introduce the imperfection based on an 
eigenvalue buckling analysis with the expression suggested by Walker (1975) 
for the amplitude. The two ways were not significantly different for the stub 
columns except for the stockiest B-sections. 
2.5 Eigenvalue buckling analysis prediction and post-buckling analysis 
Eigenvalue buckling analysis is generally used to estimate the critical bucking 
loads of stiff structures. Stiff structures carry their design loads primarily by 
axial or membrane action, rather than by bending action. Their response usually 
involves very little deformation prior to buckling. However, even when the 
response of a structure is nonlinear before collapse, a general eigenvalue 
buckling analysis can provide useful estimates of collapse mode shapes. An 
incremental loading pattern is defined in *BUCKLE step. The important thing is 
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to find the load multipliers in the eigenvalue problem. Normally, the lowest 
value of those multipliers is of interest. 
In some cases linear eigenvalue analysis may be sufficient for design evaluation; 
but if there is concern about material nonlinearity, geometric nonlinearity prior 
to buckling, or unstable post-buckling response, a load-deflection analysis must 
be performed to investigate the problem further. As observed in the 
experimental tests, the sections made of high strength thin steel have very high 
post-buckling reserve. The Riks method uses the load magnitude as an 
additional unknown; it solves simultaneously for loads and displacements. 
Therefore, another quantity must be used to measure the progress of the 
solution; ABAQUS uses the "arc length" along the static equilibrium path in 
load-displacement space. This approach provides solutions regardless of 
whether the response is stable or unstable. 
Riks (1972, 1979) proposed an incremental approach to deal with the buckling 
and snapping problems. The Riks method works well in snap-through problems-
those in which the equilibrium path in load-displacement space is smooth and 
does not branch. The Riks method can also be used to solve post-buckling 
problems, both with stable and unstable post-buckling behaviour. However, the 
exact post-buckling problem can not be analyzed directly due to the 
discontinuous response at the point of buckling. To analyse a post-buckling 
problem, it must be turned into a problem with continuous response instead of 
bifurcation. This effect can be accomplished by introducing an initial 
imperfection into a "perfect" geometry so that there is some response in the 
buckling mode before the critical load is reached. Herein, the *STATIC, RIKS 
procedure was used to perform the collapse or post-buckling analysis. 
2.6 Solution Control Parameters 
The convergence and integration accuracy algorithms are very important factors 
in the finite element analysis, especially for simulation of sections made of thin 
steel with high post-buckling reserve. There are many control parameters 
associated with them in ABAQUS. Normally, these parameters are assigned 
default values which are chosen to optimize the accuracy an efficiency of the 
solution for a wide spectrum of nonlinear problems. However, in the analysis of 
the large sections and the sections with large longitudinal dimension have a big 
problem of convergence. To solve this problem, the control parameters have to 
be adjusted in the *CONTROL option within a step definition. The main 
parameters which are adjusted in using ABAQUS to analyze the test sections are 
250 
the 10 for specifying the equilibrium iteration for a residual check and the IR for 
specifying the equilibrium iteration for a logarithmic rate of convergence check. 
Both 10 and IR are adjusted to 7 and 10 respectively in the analyses in this paper. 
With these values, convergent solutions can be obtained. In some cases, the 
adjustment of the parameters in the * STATIC, RIKS option can avoid 
divergence. 
3 SIMULATION OF STUB COLUMNS 
3.1 General 
The aim of the simulation of the stub columns is to predict the ultimate strength. 
Different contact conditions, geometric and material nonlinearities are 
considered in the finite element modeling adopted in this section. In the 
experimental tests, three sections, which are the B, LB, and HB-sections, were 
used. Some sections had holes and others had clamps. Fully details of the stub 
columns can be found in Yang and Hancock (2002). 
Fig. 3 ABAQUS Mesh Density of LB, Band HB- Stub Columns 
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3.2 Element type 
The shell element, type S4R, was used. The ratio of the length to width of the 
element is about 2: 1. 
For the whole column, different mesh densities were adopted. In the longitudinal 
direction of the column, the nodes were concentrated towards the middle of the 
column so that a fine mesh was obtained around the centre. In the transverse 
direction, the finer mesh is used at the comers based on the concept of effective 
area. The mesh density for ABAQUS models of B, LB and HB sections is 
shown in Fig. 3. 
The model consisted of 18960 nodes and 18720 elements. The mean mesh size 
varied from 0.35 mm by 0.19 mm for the stockiest section to 2.5 mm by 1.4 mm 
for the largest section. 
Table 2a Summary of Results for Stub Column B-Sections (0 60 mm thickness) 
Specimen B20a B20b B30a B30b B40a B40b BSOa BSOb B60a 
f"l (MPa) 712.S 720.2 328.0 328.4 200.8 188.0 123.4 122.1 8S.0 
P,(kN) 3S.2 30.4 3S.8 3S.7 38.1 37.8 39.1 37.8 39.0 
AB (kN) 38.S 38.S 36.8 36.8 38.6 38.6 40.0 40.0 40.9 
AB/P, 1.09 1.27 1.03 1.03 1.01 1.02 1.02 1.06 LOS 
Specimen B60b B70a B70b B80a B80b B90a B90b B100a B100b 
fOI (MPa) 84.4 62.2 6S.0 47.2 47.5 38.3 38.3 29.9 30.1 
P,(kN) 39.4 \ 41.8 42.0 42.0 \ 41.S 39.2 41.1 
AB (kN) 40.9 40.5 40.S 41.6 41.6 41.2 41.2 41.7 41.7 
AB/P, 1.04 \ 0.97 0.99 0.99 \ 0.99 1.06 1.01 
Note: Holes at 20 mm spacing; /v=711 MPa 
Table 2b Summary of Results for Stub Column B-Sections (0 60 mm thickness) 
Specimen B20ra B20rb B30ra B30rb B40ra B40rb BSOra BSOrb 
fOI (MPa) 803.8 800.S 382.2 378.0 208.6 208.8 129.S 130.4 
P,(kN) 33.9 32.6 34.7 34.1 37.1 37.1 38.1 37.9 
AB (kN) 38.5 38.5 36.8 36.8 38.6 38.6 40.0 40.0 
AB/P, 1.14 1.18 1.06 1.08 1.04 1.04 LOS 1.06 
Specimen B70ra B70rb B80ra B80rb B90ra B90rb B100ra BIOOrb 
fol (MPa) 6S.S 66.2 48.3 48.8 39.4 39.9 32.0 31.8 
P,(kN) 39.4 39.2 40.6 38.6 39.S 38.7 36.8 39.3 
AB (kN) 40.S 40.S 41.6 41.6 41.2 41.2 41.7 41.7 
AB/P, 1.03 1.03 1.02 1.08 l.04 l.06 1.13 l.06 
Note: Holes at 10 mm spaCing; fr=711 MPa 
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3.3 ABAQUS Results 
The three tested sections, which are the B, LB, and HB-sections, are simulated 
using ABAQUS. The ABAQUS results are given in Tables 2~5. 
As detailed in Tables 2~5, the differences between the results of ABAQUS and 
tests for the stockiest sections were larger compared with those of the other 
sizes. From Tables 2~5, it can be seen that the yield stress of the material (fy) 
and the local buckling stress (fol) were about equal for these sections. The 
analysis of equilibrium indicates that the bifurcation of equilibrium will occur 
when the critical load is reached. It means that when the yield stress is about 
equal to the critical buckling stress, the structure will be very sensitive to initial 
imperfections. Although the values adopted in ABAQUS were based on the 
measurements and Walker's suggested expression, the differences between the 
results of ABAQUS and the tests were still quite large for the stocky sections. 
The main reason for the differences may be very difficult to determine 
accurately due to the difficulty in determining the true initial imperfection in the 
sections. However, it has been proven by further study using ABAQUS 
modelling that the larger the initial imperfection, the smaller the results become. 
For the stockiest B-sections, the ABAQUS results were very sensitive to the 
imperfections for the 30 mm sections. 
Table 3 Summary of Results for Stub Column B-Sections (042 mm thickness) 
Specimen B14a B14b B14c B21a B21b B21c B28a B28b B28c 
fol (MPa) 721.1 737.9 708.8 337.8 337.9 337.7 195.8 191.2 194.3 
P,(kN) 17.1 17.3 17.1 17.7 16.8 17.4 19.1 19.1 19.3 
AB (kN) 19.9 19.9 19.9 18.3 18.3 18.3 19.4 19.4 19.4 
AB/P, 1.16 1.15 1.16 1.03 1.09 1.05 1.02 1.02 1.01 
Specimen B35a B35b B35c B42a B42b B42c B49a B49b B49c 
fol(MPa) 125.2 125.2 124.9 85.2 85.9 85.6 62.8 63.0 63.1 
P,(kN) 20.0 20.0 20.1 20.5 20.5 20.5 19.6 20.8 21.0 
AB (kN) 19.8 19.8 19.8 20.1 20.1 20.1 20.4 20.4 20.4 
AB/P, 0.99 0.99 0.99 0.98 0.98 0.98 1.04 0.98 0.97 
Specimen B56a B56b B56c B63a B63b B63c B70a B70b B70c 
fOI (MPa) 47.4 48.2 48.1 37.9 37.8 37.6 30.7 31.1 30.0 
P,(kN) 20.9 20.7 21.1 20.9 20.3 20.3 20.9 20.4 20.5 
AB (kN) 20.5 20.5 20.5 20.3 20.3 20.3 20.7 20.7 20.7 
AB/P, 0.98 0.99 0.97 0.97 1.00 1.00 0.99 1.01 1.01 
Note: Clamps; fr=634 MPa 
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In order to clarify the degree of imperfection sensitivity, a further investigation 
was performed. Two steps were involved in setting up the analyses. The first 
step was an eigenvalue buckling analysis performed on the "perfect" column to 
establish probable collapse modes. The second step was creating an 
imperfection in the geometry by adding these modes to the "perfect" geometry. 
The lowest buckling modes are assumed to provide the most critical 
imperfections, so usually these are scaled and added to the perfect geometry to 
create the perturbed mesh. The magnitudes of the perturbations used are a 
percentage ofthe sheet thickness. 
The input scale factor varied from 0.05, 0.2 to 0.5 for the stockiest B-sections in 
0.42 mm thickness. The differences in the computed strengths were 
approximately 10% and 20% respectively. For the stockiest B-section in 0.60 
mm thickness, the differences were approximately 3% corresponding to the 
input scale factor 0.05 and 0.5. For other sections in both thicknesses, the 
differences were less than 1 %. So for the stockiest B-section, the thinner the 
sheet used, the more sensitive they became to the imperfections. 
Table 4a Summary of Results for Stub Column LB-Sections (0 60 mm thickness) 
Specimen LB20a LB20b LB30a LB30b LB40a LB40b 
fo1 (MPa) 902.3 905.1 390.0 \ 214.5 220.4 
P,(kN) 37.0 38.0 48.7 \ 53.0 53.3 
AB (kN) 42.5 42.5 50.0 \ 55.3 55.3 
ABIP, 1.15 1.12 1.03 \ 1.04 1.04 
Note: No holes & Clamps; 0.60 mm thickness;j;=711 MPa 
Specimen LB20ra LB20rb LB30ra LB30rb LB40ra LB40rb 
fo1 (MPa) 978.4 945.2 440.2 442.7 238.3 238.6 
P,(kN) 37.3 35.6 46.0 45.8 47.3 44.6 
AB (kN) 37.6 37.6 44.5 44.5 49.7 49.7 
ABIP, 1.01 1.06 0.97 0.97 1.05 1.11 
Note: Holes at 10 mm spacing; 0.60 mm thickness;fv~ 711 MPa 
Specimen LB20na LB20nb LB30na LB30nb LB40na LB40nb 
fo1 (MPa) 954.6 953.2 411.7 412.6 225.6 224.2 
P,(kN) 36.4 35.4 45.8 45.8 50.6 51.3 
AB (kN) 40.6 40.6 48.8 48.8 53.7 53.7 
ABIP, 1.12 1.15 1.07 1.07 1.06 1.05 
Note: Clamps;jc670 MPa 
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Table 4b Summary of Results for Stub Column LB-Sections (0.42 mm thickness) 
S ecimen LB30a 
fol (MPa) 183.7 
P,(kN) 24.8 
AB (leN) 26.2 
ABIP, 1.06 


























Table 5 Summary of Results for Stub Column HB-Sections (0.60 mm thickness) 
Specimen HB20a HB20b HB30a HB30b HB30c HB40a HB40b HB60 HB80 HB 100 
fol (MPa) 764.3 766.2 340.3 345.9 341.2 200.5 197.1 86.5 48.6 31.9 
P,(kN) 37.3 37.4 39.9 43.6 41.1 44.4 43.6 45.4 47.7 45.5 
AB (leN) 41.1 41.1 42.1 42.1 42.1 45.3 45.3 50.3 52.7 54.8 
AB/P, 1.10 1.10 1.06 0.97 1.02 1.02 1.04 1.11 1.10 1.20 
Note: Tejlon;/y=711 MPa 
3.4 ABAQUS RESULTS COMPARED WITH TEST RESULTS 
3.4.1 General 
The buckling shapes using ABAQUS ofB, LB & HB section are shown in Fig 4 
respectively. . 
I 
I I ''' ___ '_' .. a'_ 1'::;:;= ,e=-. 
L ... _ ..__ .. _. ___ ....... _ ... ____ ._. __ . ___________________ _______ _ 
Fig. 4 ABAQUS Deformed Shape ofB, LB and HB- Stub Columns 
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3.4.2 B-sections 
The ratios of the ABAQUS strengths (AB) to the test results (Pt) for the B-
sections in 0.42 rnrn and 0.60 mm are shown in Tables. 2""'3. For the B-sections 
in 0.42 rnrn thickness, the ABAQUS results are in good agreement with the test 
results excluding several of the sections discussed above. However, for the B-
sections in 0.60 mm thickness, the ABAQUS results were about 5% higher than 
the test results obtained from sections with holes in their lips and slightly lower 
than the test results obtained for sections without holes. The ABAQUS analysis 
did not model the holes but the area of the holes was deducted. 
3.4.3 LB-sections 
Only three different sizes were tested for the LB-sections in 0.42 rnrn and 0.60 
mm thickness respectively. 
The ratios the ABAQUS strengths (AB) to the test results (Pt) of the LB-sections 
in 0.60 mm and 0.42 rnrn thickness are shown in Tables 4a&4b. The ABAQUS 
results for the LB-sections in 0.42 mm thickness are a little bit higher than the 
test results by about 2% and 5% for the big and small sizes respectively results 
excluding several of the sections discussed above. For the LB-sections in 0.60 
mm thickness, the ABAQUS results are higher than the test results by about 5% 
except for some of the results of the small sizes for which ABAQUS was 
somewhat higher. 
3.4.4 UB-sections 
HB-sections were tested in the 0.60 mm thickness only. The ratios the ABAQUS 
strengths (AB) to the test results (Pt) of the HB-sections in 0.60 rnrn thickness 
are shown in Table 5. The results show a similar trend to the B&LB sections but 
are lower at high slenderness with the last test value quite low. It appears that 
the Teflon may not have fully restrained the sheet at high slenderness. As can be 
seen, the larger the section, the higher the ultimate load became except for the 
largest section. For the last three sections, the differences of results between 
ABAQUS and tests were 11 %, 10% and 20% respectively. The high slenderness 
test results seem to be faulty as discussed above. 
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3.4.5 Explanation of some results 
It can be noted that for the B-sections, the test results decreased slightly when 
the ratio of plate slenderness (bIt) reached about 133. It can also be seen that for 
the B-sections in 0.60 mm thickness, the results of ABAQUS deviate from the 
test results by less than 5% for the slender sections and above 10% for the 
stockier sections. The predicted results overestimate the strength of B-sections 
by 5% except for the stockier sections, whereas for the B-sections in 0.42 mm 
thickness, the ABAQUS results are in good agreement with the test results. 
For the LB40a&b and LB40na&nb sections in 0.60 mm thickness, the common 
characteristic was a larger lip of about 10 mm. From Table 4a, it can be seen that 
even though LB40a and LB40b had different configurations on the lips, the test 
results (PI) and the ABAQUS results (AB) were the same respectively. The 
differences in simulation were that LB40a used the full length of lip and LB40b 
adopted a length of 3 mm removed from the length of lips to account for the 
holes. Also the same method was used for the LB40na&nb sections. It is 
interesting to note that the ABAQUS results with the section using the full 
length of lip and with the section using a length of 3 mm removed from the lip 
are the same. It means that the actual effective length of the lip of the LB40 
section with a 10 mm length of lip was smaller than the effective length 
calculated based on AS/NZS 4600. Research on the intermediate stiffener 
indicates that an increase in the stiffener cross-sectional area contributes to 
increase at most of a few percent in the ultimate strength. The results of the LB 
sections in 0.42 mm thickness did not have a significantly different ultimate 
strength from the B sections, which used the normal length of lips. 
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Table 6 Measured Eccentricity ofLB sections (0 60 nun & 0 42 mm) 
Specimen Length e(mm) Specimen Length e(mm) 
(0.60 mm) (mm) Avera!!e (0.42 mm) (mm) Average 
060LB20P450a 450 0.277 042LB30P550a 550 0.122 
060LB20P450b 450 0.046 042LB30P550b 550 0.072 
060LB20P900a 900 0.828 042LB30PII00a 1100 0.166 
060LB20P900b 900 0.072 042LB30PII00b 1100 0.099 
060LB30P450a 450 0.3960 042LB40P550a 550 0.609 
060LB30P450b 450 0.049 042LB40P550b 550 0.429 
060LB30P900a 900 0.143 042LB40PI100a 1100 0.879 
060LB30P900b 900 0.773 042LB40PI100b 1100 0.764 
060LB40P450a 450 0.486 042LB40P1700a 1700 1.165 
060LB40P450b 450 0.071 042LB40P1700b 1700 0.9325 
060LB40P900a 900 0.632 042LB50P550a 550 0.481 
060LB40P900b 900 0.062 042LB50P550b 550 0.346 
I I 042LB50P1100a 1100 0.263 
I I 042LB50P1100b 1100 0.573 
I I 042LB50P1700a 1700 N/A 
I I 042LB50P1700b 1700 1.450 
4 SIMULATION OF LONG COLUMNS 
4.1 General 
The aim of the simulation of the long column tests (Yang, Hancock, and 
Rasmussen, (2002)) is to predict their capacity in compression and to determine 
the effects of imperfection and eccentricity. The ABAQUS model adopted is 
similar to the model used in Section 3 since it has the same materials (in 0.60 
and 0.42 mm thicknesses) and the same (LB) section. Therefore, here, only the 
differences from the model used in Section 3 are presented. 
4.2 Element type and Eccentricity Introduced 
The shell element, type S4R, was used. The ratio of length to width of element 
varied from about 2: 1 to 6: 1. 
For the whole column, different mesh densities were adopted. In the longitudinal 
direction of each column, the nodes are concentrated towards the middle of the 
column so that the fine mesh can be obtained around the centre. In the transverse 
direction, the finer mesh was used at the comers on the basis of the concept of 
effective area as shown in Fig.5. 
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Table 7 Summary of Results for LB Sections (0 60 mm & 042 mm) 
Specimen P, 
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The model consisted of 12848 nodes and 12212 elements. The mean mesh size 
varied from 4.6 mm by 2.3 mm for the stockiest section to 14.2. mm by 2.3 mm 
for the largest section. 
In order to simulate the pin-ended bearings, rigid bodies were used. The rigid 
bodies were created by defining rigid elements (R3D4) that all share two rigid 
body reference nodes. The top rigid body had both longitudinal translational and 
rotational degrees of freedom and the bottom had only a rotational degree of 
freedom. The lengths of the rigid bodies were 75 mm and 54 mm for the 
columns in 0.60 mm thickness and in 0.42 mm thickness respectively. The rigid 
surfaces were also defined to connect with the column. The reference nodes 
associating with each rigid body were adopted to realize the rotation in the weak 
axis direction of the cross-section as shown in Fig. 5. Eccentric loading was 
introduced. The values of eccentricity used are the experimental values as shown 
in Table 6. The load was applied through the top reference point. 
4.3 ABAQUS Results 
The ABAQUS results (AB) ultimate loads are given in Table 7 where the ratios 
AB/Pt are computed. The average difference between the ABAQUS results and 
test results is approximately 6%. It can be seen in Table 7 that for most 
specimens the ABAQUS results are slightly higher than the test results. The 
differences including variability are most likely related to assumed imperfection 
in the ABAQUS model. Further investigation of the imperfection to use in 
ABAQUS is required. 
4.4 ABAQUS results compared with Test Results and Design Standards 
Figs. 6 & 7 show the ABAQUS values (AB) compared with a range of design 
curves for the 30 mm and 20 mm sections in 0.42 mm and 0.60 mm material 
respectively. In Figs. 6 & 7, the ABAQUS values (AB) have been non-
dimensionalised with respect to the squash load (P y) as computed for the 
measured yield stress and dimensions in Yang, Hancock and Rasmussen (2002). 
More details on other size sections can also be found in this report. 
The ABAQUS results show a similar trend to the test results when compared 
with the design curves although, as detailed above, they are slightly higher 
probably due to assumptions for the imperfections. 
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Fig. 8 obtained using ABAQUS/post shows the buckled shape, which shows the 
combination of local and overall buckling. All the buckling shapes are the same 
as those of tests. The interaction of local and overall buckling is clearly shown 
in Fig. 8. 
For the largest 50 mm section in 0.42 mm material, two more long columns 
were simulated using ABAQUS in order to obtain a complete graph of variation 
with length and to make up the shortage where no test could be performed on 
such long columns. The lengths were 2400 mm and 3000 mm. The dimensions 
of cross-section used are the same as 042LB50P1700. The ABAQUS results are 
7.27 kN and 5.42 kN for 2400 mm and 3000 mm respectively. It can be seen in 
Fig. 6 that the results are 7% and 4% lower than the curves based on AS/NZS 
4600 and AISI Specification. The longer the column, the less the difference 
becomes for a given size of cross-section. Full details of the comparison with the 
design standards can be found in Yang, Hancock and Rasmussen (2002). 







Fig. 8 ABAQUS Local and Overall Deformed Shape ofLB-Long column 
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5 SUMMARY 
A series of ABAQUS simulations was carried out on Box-Shaped Stub Columns 
and Box-Shaped Long Columns. 
1. Fix-ended stub columns with box-shaped sections are simulated, the 
following conclusions can be made. 
• The expression suggested by Walker (1975) used to scale initial 
imperfections in an ABAQUS model is generally successful. Based on Py 
and P cr of such thin sheet steel sections, this expression can provide an 
initial imperfection magnitude suitable for the simulation of the test results. 
• The use of the finite element program ABAQUS for simulating the 
behaviour of the stub columns is successful since the ABAQUS results were 
generally in good agreement with experimental values. The results of 
ABAQUS are sensitive to the initial imperfections for the stockier sections 
but not for the slender sections. ABAQUS can be used for further work on 
such thin sheet steel sections. 
2. Pin-ended long column tests with box-shaped sections have been 
successfully simulated. The ABAQUS results are compared with the 
test results and the design standards. ABAQUS simulations of the test 
results with local imperfections and overall eccentricity are made. 
• The ABAQUS results (AB) are generally in good agreement with the test 
results (Pt). The difference is on average less than 6% for all columns 
although the ABAQUS results were higher. More detailed investigation of 
imperfections to use in ABAQUS is required. 
• The columns with stockier plate elements, which had high local buckling 
stresses (fol), failed by overall buckling. The test results and the ABAQUS 
results are close to the curves based on AS/NZS 4600 and the AISI 
Specification. 
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• Since ABAQUS results are in reasonably good agreement with the test 
results, ABAQUS can be used to simulate long column tests which could 
not be performed in the available machine. 
5.1 General Summary 
• A series of closed section columns is simulated using ABAQUS 5.7. The 
main attention has been paid to the choice of the mesh density, the adoption 
of the initial imperfections and the determination of the plastic stress-strain 
data. 
• The ABAQUS analyses give reasonable results. In Section 2, ABAQUS 
gives a good prediction for the 2400 and 3000 mm B-section columns 
which shows the expected trend in Fig. 6. 
• The buckling shape and the stress distributions are in good agreement to 
those observed experimentally. 
• Finite element analysis can be used to predict the ultimate load of thin-
walled members, analyze the post-buckling behaviour of thin-walled 
sections, and also helps to design and optimize shapes of thin-walled 
section. 
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